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ABSTRACT 
 
 
 
 
Today, consumers use a smartphone device to display the media contents for work and 
entertainment purposes, as well as watching online video. Online video streaming is 
the main cause that consume smartphone’s energy quickly. To overcome this problem, 
smartphone’s energy management is crucial. Thus, a hybrid energy-aware profiler is 
proposed. Basically, a profiler will monitor and manage the energy consumption in the 
smartphone devices. The hybrid energy-aware profiler will set up a protocol preference 
of both the user and the device. Then, it will estimates the energy consumption in 
smartphone. However, saving energy alone can contribute to the Quality of Experience 
(QoE) neglection, thus the proposed solution takes into account the client QoE. Even 
though there are several existing energy-aware profilers that have been developed to 
manage energy use in smartphones however, most energy-aware profilers does not 
consider QoE at the same time. The proposed solution consider both, the performance 
of the hybrid energy-aware profiler is compared with the baseline energy models 
against a variation of content adaptation according to the pre-defined variables. Three 
types of variables were determined; resolution, frame rate and energy consumption in 
smartphone devices. Then, using QoE subjective surveys, Mean Opinion Score (MOS) 
of users is obtained from survey experiment on QoE. Summary of the experiment 
result display the significant reduce 14.5% energy consumption by using hybrid 
energy-aware profiler than generic profiler. Next, the minimum QoE and Quality of 
Services (QoS) maximum value is measured to generate a list of possible video 
adaptation attributes requirements. The list is essential to help developer deciding 
which suitable alternative video streaming media format can be placed in the servers. 
Also, the list is aimed to help users to choose the suitable video format in order to save 
energy in their smartphone devices. 
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ABSTRAK 
 
 
 
  
Pada masa kini, pengguna menggunakan peranti telefon pintar bertujuan untuk 
memaparkan kandungan media berkenaan bekerja dan hiburan, serta juga menonton 
video atas talian. Penstriman video atas talian adalah punca utama yang menggunakan 
tenaga dalam telefon pintar ini dengan cepat. Untuk mengatasi masalah ini, 
pengurusan tenaga di dalam telefon pintar adalah sangat penting. Oleh itu, hybrid 
energy-aware profiler dicadangkan. Pada asasnya, profiler yang akan memantau dan 
menguruskan penggunaan tenaga dalam peranti telefon pintar. Hybrid energy-aware 
profiler akan mewujudkan protocol untuk pengguna dan peranti. Kemudian, ia akan 
menganggarkan penggunaan tenaga dalam telefon pintar. Walau bagaimanapun, 
menjimatkan tenaga sahaja boleh menyumbang kepada pengabaian Kualiti 
pengalaman (QoE). Walaupun terdapat beberapa energy-aware profiler yang telah 
dibangunkan untuk menguruskan penggunaan tenaga dalam telefon pintar 
bagaimanapun, energy-aware profiler yang sedia ada tidak mengambil kira QoE pada 
masa yang sama. Tiga jenis pembolehubah ditentukan, resolusi, frame rate dan 
penggunaan tenaga dalam peranti telefon pintar. Kemudian, dengan menggunakan 
tinjauan subjektif, Min Opinion Score (MOS) pengguna diperolehi dari kaji selidik. 
Hasil keputusan adalah 14.5 % dengan menggunakan hybrid energy-aware profiler 
berbanding generic profiler. Seterusnya, nilai maksimum QoE dan Kualiti 
Perkhidmatan (QoS) minimum diukur untuk menghasilkan senarai kemungkinan 
video penyesuaian keperluan. Senarai ini adalah penting untuk membantu pembina 
memilih alternatif untuk penstriman video yang sesuai boleh diletakkan di dalam 
pelayan. Selain itu, senarai itu bertujuan untuk membantu pengguna untuk memilih 
format video yang sesuai untuk menjimatkan tenaga dalam peranti telefon pintar 
mereka. 
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CHAPTER 1  
  
  
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Today, many features presented in the smartphones are making them energy 
inefficient, i.e., consuming more energy. On the other hand, the battery design for 
smartphone devices are so limited and small for its energy capacity and size (Ardito, 
2013; Chen et al., 2012). It is difficult to solve the energy issue in the hardware since 
the battery design are limited. In this light, some researchers progressively 
concentrated on improving the energy efficiency on software area, but the works are 
still have inaccurately quantify the energy impact of software (Corral et al., 2013). 
Software does not consume energy in smartphone devices directly, nevertheless it 
completely gives the impact on the energy consumption beneath the hardware. The 
higher processing of advanced features can cause them more power consumption 
(Ardito et al., 2013). Also, rich contents such as video streaming and user preferences 
along with the end device capability presents a challenge in providing ubiquitous 
access to these contents (Thiagarajan et al., 2012). Viewing a content on a smartphone 
device may require content adaptation and this mechanism have the capability to 
prolong battery life of the multimedia streaming devices (Ismail et al., 2013).  This 
challenge leads to the potential of expanding battery life in term of software and 
application perspectives.  
Furthermore, the energy profiling of smartphone devices is a dynamic research 
field, particularly it requires content adaptation for energy consumption (Chen et al., 
2012). The notion of energy-aware is constructed upon a complete understanding on 
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how and where energy is consumed on a smartphone device. Energy profiling is one 
of the methods of collecting and managing energy state in the smartphone device 
system (Chung et al., 2011; Chen et al., 2012; Tsao et al., 2012). Generally, the energy 
profiler has a certain profiler manager that handles the task of collecting and manage 
the data more organized (Hao et al., 2013). Recently, energy-aware application 
architecture and design in mobile devices has not been thoroughly studied, most 
researchers and developers are trying to establish a universal energy profiler or power 
management strategy (Ge et al., 2010; Chen et al., 2012; Schubert et al., 2012). There 
are various profilers that have been developed and most of the researches are keen to 
establish the tools for energy consumption level and profiling energy usage. These 
efforts in energy profiler development area are aimed to improve the better smartphone 
device that consumes less energy usage. 
 
 
1.2 Problem Statements 
 
 
Today the use of smartphone devices for streaming video content is very extensive. 
Hence the energy consumption is very high in order to stream online video content 
(Devlic et al., 2012; Hoque et al., 2013). This is due to many variations on online video 
attributes. Therefore, most of the consumers overlook that they are using high energy 
in a smartphone device without them realizing it (Chang et al., 2011). Thus, an energy-
aware profiler task is important for managing energy usage in order to save the energy 
consumption in smartphone devices (Chen et al., 2012). Moreover, existing energy-
aware profilers have a specific function, including extracting data from QoS, content, 
services and energy management (Schubert et al., 2012; Hoque et al., 2013).  
However, another issue faced by the energy-aware profiler is that it does not 
take into the account the input from the user or client preferences (Kaup & Hausheer, 
2013). Quality of Experience (QoE) from user may sometime insufficient and reluctant 
in term of data collecting for content adaptation. Previous research by Chen et al., 
(2012) define in their future works that human behaviour must be involved to define 
the best way in adaptation strategies to save energy in smartphone devices. Conversely, 
when the profiler does not consider the QoE, the user may not be satisfied during video 
streaming. 
On the other hand, the current video streaming content format type are not 
available on certain environments related to QoE and QoS. A profiler of energy 
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consumption, including content adaptation is a potential mechanism to address the 
issue of energy adaptation and currently the inadequate battery lifetime of a mobile 
device (Thiagarajan et al., 2012; Chen et al., 2012; Chung et al., 2011). Nevertheless, 
in video content adaptation, it is difficult to produce a good video attribute that suit the 
energy and QoE at the same time. To overcome this problem a list of possible solutions 
for video content adaptation attribute can be determined through experimentation of 
the user QoE subjective survey, hybrid energy-aware profiler, combining both video 
application and profiling energy usage. Moreover, with the profiler mechanism located 
internally with application, it will reduce the application response time. The QoE 
undertakes the user experience and preferences that come directly from the user.  
In addition, QoE, along with energy consumption are becoming vital factors in 
determining a possible solution for content version that is tailored to the requirements 
for the smartphone devices. There are several research on profiling energy on 
smartphone devices for video streaming. However, our aim is to develop a hybrid 
profiler of energy consumption that takes into account the QoE element in order to get 
a list of possible solution of video attributes that satisfy both energy and QoE.  
 
 
1.3 Objectives 
 
 
The objectives of this research are as follows: 
 
i) To propose a hybrid energy-aware profiler for supporting content 
adaptation strategies and building the classification of the profilers 
technologies.  
ii) To implement the propose hybrid energy-aware profiler for composing 
possible adaptation solution.  
iii) To analyze the propose hybrid energy-aware profiler within the simulated 
environment. 
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1.4 Scope of Study 
 
 
This research focus on developing the hybrid energy-aware profiler application that 
has QoE profiler element. This application will stream video from established server 
repository. The media content is limited to application consuming energy on video and 
all its attributes. These attributes focusing on resolution, frame rate and brightness 
without the specific size and duration. Two smartphone devices were chosen for the 
experiment. This smartphones device justification and capability will be discussed 
later in Chapter 3. However, all the attributes regarding legacy device is not covered 
by this research.  
Next, users QoE subjective survey is executed to determine the acceptance 
from different level of users. Nevertheless, smartphone battery characteristic will not 
be discussed any further. This research will focus on energy usage, user QoE along 
with video content adaptation and the hybrid energy-aware profiler analysis through 
experimentation. The final result is a list of possible solution of video attributes, and 
this result might be suitable specifically for developers and generally for the user to 
determine the variation of good quality video streaming that consume less energy 
consumption. 
 
 
1.5 Significance of the Study 
 
 
The research study could provide the key finding for the issue of energy consumption, 
particularly the reliability and sustainability of smartphone device’s battery power.  
Furthermore, this study would be beneficial to users and developers as this study 
generates the list of possible solution of the video attribute for the smartphone issues 
regarding on energy profiler and content adaptation propose.  
Moreover, results from the experiments can be used to design a reliable energy 
model and content adaptation on a smartphone device. This study would provide 
necessary information on the different energy consumption using profiling and content 
adaptation approaches.  
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1.6 Research Contributions 
 
 
There are two major contributions of this research and can be summarized as follows: 
 
(i) Developing a hybrid profiling mechanism that requires energy awareness 
for QoE using content adaptation within video streaming. This mechanism 
provides an analytical result of what constitutes video quality and how it 
can be interpreted and measured. It introduces a specific demand on video 
streaming to satisfy users need. 
 
(ii) To generate a list of possible solution of video attributes for adaptation 
strategy propose and manage energy consumption on video streaming. The 
list of possible solution results will minimize the solution space for content 
adaptation strategy possibility. Table 1.1 shows the publication toward the 
research contribution. 
 
Table 1.1: Contribution and Publication 
 
Problem Objective Contribution & Publication 
Current energy-
aware profiler 
does not take into 
the account the 
input from user or 
client preferences. 
There are less 
study has being 
conducted 
regarding suitable 
video attributes in 
relation to the 
QoE and energy. 
 
To propose a hybrid 
energy-aware profiler for 
supporting content 
adaptation strategies and 
building the classification 
of energy-aware profiler. 
i) A Survey on Energy-Aware Profiler for 
Mobile Devices” (INNS-CIIS 2014). Springer 
International Publishing Vol. 331 pp 295-305. 
Advances in Intelligent Systems and Computing 
(ISBN 978-3-319-13152-8). (ISI & Scopus 
Indexed) 
To implement the propose 
hybrid energy-aware 
profiler for composing 
possible adaptation 
solution. 
ii) Sla-Based Content Adaptation Framework 
For Optimizing Qoe And Energy Consumption” 
ARPN Journal of Engineering and Applied 
Sciences (2015), Vol. 10. pp 643 – 651 (ISSN 
1819-6608). (Scopus Indexed) 
To analyze the propose 
hybrid energy-aware 
profiler within the 
simulated environment 
iii) An Analysis of Mobile Devices’ Video 
Streaming based on Quality of Experience and 
Energy Consumption (ADVCIT 2015) 
(Presented) (Scopus Indexed) 
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1.7 Outline of the Thesis 
 
 
This thesis contains of five chapters comprising with the Introduction and Conclusion 
chapters. The followings are the synopsis of each chapter.  
 
Chapter 1: Introduction. Separately from providing an outline of the thesis, this 
chapter covers an overview of the research work fundamental, problem statement, 
objectives to accomplish, scope of research, expected contribution, and significance of 
the study.  
Chapter 2: Literature Review. This chapter comprises of some efficient technique and 
methods for energy profilers. This chapter evaluates some of the fundamental 
approaches and classification of energy-aware profilers. Within this chapter, the 
discussion is about the concept of the profiler (e.g. content adaptation, QoE, QoS and 
energy measurement) for smartphone devices. This is followed by reviews on the 
previous research efforts to solve energy consumption in the smartphone devices.  
Chapter 3: Research Methodology. This chapter discusses about the research 
methodology used in order to perform the research systematically.  
Chapter 4: Experiments Results and Analysis. Experiment is conducted in this chapter. 
Hybrid energy-aware profiler and algorithm in chapter 3 is implemented in this 
chapter. Baseline energy model and QoE subjective survey is conducted to determine 
users’ acceptance lavel via MOS. Then, content adaptation experiments are performed 
to find the result.  
Chapter 5: Conclusions and Future Works. The contributions of this research are 
summarized and the several recommendations are designated for future work. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction 
 
 
This chapter presents a background study that is critical in order to understand the 
current state of energy-aware profiler and its delivery to smartphone devices and 
environments. This section start with the terminology (e.g. QoE profiler, QoS profiler). 
Then, a particular work of the generic energy-aware profiler and classification of 
profiler are presented. Next, the discussion about the concept for the profiler (e.g. 
content adaptation, energy measurement) area for smartphone devices. Finally, a brief 
overview of the previous research efforts towards solving the energy consumption 
issues using profiler approaches is discussed.  
 
 
2.2 Terminology Definition 
 
 
Typically, an energy-aware profiler has various definitions and terms involved. In 
order to understand these terms and definitions, a brief explanation about profiler is 
presented.   
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2.2.1 Energy-Aware Profiler 
 
 
This research uses the energy-aware profiler related with the user QoE and content 
adaptation area. In general, in an energy-aware field, a profiler is defined as a process 
that measures, manages or captures data either using conventional technique or any 
simulation on software approaches (Chung et al., 2011; Li et al., 2013; Ardito et al., 
2013). Research by Chen et al., (2012) and Mario et al., (2014) defines energy-aware 
profiler as one of the elements that collect data in devices and system state in order to 
estimate energy usage. Basically, a profiler contains elements of energy profiler, 
content profiler, Quality of Services (QoS) profiler and Quality of Experience (QoE) 
profiler. Each of these profilers are important for estimating the energy consumption 
in smartphone devices. In a state of energy usage, a profiler performs a task to 
capturing or extracting data for video streaming to reduce power consumption on 
mobile devices.  
 
 
2.2.2 Quality of Services (QoS) Profiler 
 
 
The definition of Quality of Services (QoS) in profilers is a device that can provide 
increased performance in return for acceptable quality of service losses (Misailovic et 
al., 2010). It also being described as a quality service of a data or information from the 
network, mobile operating system status and services that can be collected and 
managed for a certain purpose.  Furthermore, this profiler will provide the data features 
such as the availability of battery status, energy usage and network characteristic from 
system and services in the smartphone devices.  
The Quality of Services (QoS) profiler is the global performance criteria in a 
video streaming network, video attribute services and its performance particularly seen 
and experienced by the users. Relatively, QoS and QoE are related in term of video 
streaming quality. But since this research compelling with the constant Wi-Fi 
connection and focus on video content adaptation quality, QoS in this sense will not 
be discussed any further.  
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2.2.3 Quality of Experience (QoE) Profiler  
 
 
Basically, Quality of Experience (QoE) is a quality level as perceived by the user, 
which is fundamental to find a relevance acceptance between users and a certain 
element constraint (e.g. application energy usage) (Taboada et al., 2011). In addition, 
within the energy profiler term, it determines the selected features according to content 
characteristics that satisfy the user or client. The QoE profiler collects the user 
experienced and preferences that come directly from the user accepts content that can 
be defined in adaptation strategy (Ickin et al., 2013). Mostly, users QoE is defined as 
a user perceived towards quality in a certain element or object. The International 
Telecommunication Union (ITU-T) defines QoE as: The overall acceptability of an 
application or service, as perceived subjectively by the end-user (ITU, 2008). This 
research, requires the user QoE in relation to the energy, video streaming and content 
adaptation to determine the list of possible solutions. 
Typically, QoE determines the key factor of the user’s smartphone energy 
usage. There are many constraints arouse for the matter of QoE, and the solution is 
varied for each of smartphone device users (Schatz et al., 2011). Most of the problem 
is about a network delivery issue were three network such as wireless fidelity (Wi-Fi), 
third generation of mobile communication system (3G) and fourth generation of long 
term evolution (LTE) are included in the video streaming (Vergados et al., 2013). The 
main issue that related to this study is about low quality source and strategies to 
overcome the video quality issues.   
Most importantly, the consequence of these streaming techniques for the user 
satisfaction on playback quality, Wi-Fi and cellular network usage, and on the energy 
consumption of mobile devices is yet to be fully uncovered. Such knowledge is 
imperative before one can design a streaming service that satisfies the user’s demands 
in terms of quality of experience and prolong battery life of their smartphones. 
 
 
2.2.4 Service Level Agreement (SLA) 
 
 
Service Level Agreement (SLA) is a part of the formality contract between users and 
services provided to them that can include concession on energy usage. SLA can be 
used to represent users’ QoE thus should be incorporated and maintained when content 
10 
 
adaptation is required as a result of low energy level (Fudzee & Abawajy, 2008). The 
secondary aim is to incorporate the SLA with the energy-aware model. Nevertheless, 
SLA will not be discussed further since we are focusing mainly on the hybrid energy-
aware profiler that combine QoS profiler with subjective user QoE for determining a 
possible solution as a final result for adaptation strategy. 
 
 
2.3 Energy Profiling 
 
 
Typically, energy profiler is the module that manage, cater and define the mobile 
energy usage on smartphone devices (Chen et al., 2012; Tarkoma et al., 2014).  In 
general, a profiler has a certain functionality to indicate and to collect data from the 
user, operating system, policy and application (Thiagarajan et al., 2012). In addition, 
energy profiler also is the combination of the module that helps system to determine 
the policy of energy awareness (Chen et al., 2012). Moreover, energy profiling was 
defined as the process of assigning, collecting and to characterize power consumption 
to its functionality (Balasubramanian et al., 2009; Bernal et al., 2010; Thiagarajan et 
al., 2012; Ardito, 2013). One of the challenging issues of smartphones is energy 
consumption management (Bernal et al., 2010; Chung et al., 2011; Chen et al., 2012). 
Previously, energy profiler has been discovered by many researchers and most 
of them just focusing on analyzing the data via network analysis and software 
collection (Bernal et al., 2010; Chung, et al., 2011). Research by Balasubramanian et 
al., (2009) defining a power consumption model are based on the energy model that 
enables them to empirical predict energy consumption by the different application. 
Understand the design and how the implementation of energy profiling on smartphone 
devices is a good start to develop a well-ordered set of hybrid energy-aware profiler.  
 To design a good energy-aware profiler, sufficient understanding of the 
environment must be required. There are many researchers such as Thiagarajan et al., 
(2012), Chen et al., (2012), and Ardito (2013) tried to develop an evaluation 
framework profiler and method to analyze the energy consumption in smartphone 
devices. These previous works were used to sustain energy-related approach for 
application developers. State-of-the-art smartphones and tablets have integrated 
energy-saving characteristics to grant hardware components to dynamically modify 
their power consumption based on an appropriate range of capabilities and 
performance (Thiagarajan et al., 2012; Coral et al., 2013). 
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All these researches are the fundamental of energy profiling and used several methods. 
Basically, energy profilers will use two methods for collecting energy data. The first 
method is the Instrument approaches (e.g. apparatus and measurement tool) and the 
second method is Software approaches (e.g. Eprof, PowerTutor). This method will be 
discussed later in the energy profiling method sub-topic. Common activities of the 
energy-aware profiler is described in Figure 2.1. A generic energy-aware profiler 
application measures the energy consumption related to the beginning of the process 
until the end of all processes.  
 
 
Figure 2.1: A Generic Energy-Aware Profiler 
 
Figure 2.1 shows the generic energy aware model. First, energy information 
from smartphone devices (hardware, operating system and services) passing the data 
to the energy profiler. Then, the collected data are passed to energy management. 
Meanwhile, the energy management module obtained user profile as well. An energy 
management module where all data obtained will be analyzed and managed, in order 
to determine the energy consumption. All the measured data will be segregated by the 
usage of energy consumption (Kundu & Paul 2010; Gupta et al., 2012).  
The analyzed data then will be used as an output within mobile applications 
and services (Ardito, 2013). This architecture design usually consists of main three 
main parts; energy source, energy profiler and energy consumption (Bernal et al., 
2010; Chung et al., 2011). Energy consumption of mobile phones needs to be 
determined by the performance of energy profiling structures that over view every part 
of the energy area. (Schubert et al., 2012).  
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Generally, energy profiler is divided into several modules that collects all state of a 
system and detecting how much application drain energy consumption. Energy-aware 
API uses the energy information for self-adaptation power consumption. Energy 
estimation includes a set of interfaces to notifying applications the status of the battery 
(Bernal et al., 2010; Chen et al., 2012; Thiagarajan et al., 2012; Ardito, 2013).  
 
 
2.4 Generic Algorithm Energy-Aware Profiler 
 
 
One of the most important elements in the energy-aware profiler is the algorithm that 
running specific software or engine to reduce an energy consumption in the 
smartphone devices. Generic algorithm available in the Android SDK and running 
using video_view function attributes. This algorithm will be altered in the chapter 3 
(Hybrid-Energy-Aware Profiler algorithm).  
 
Algorithm 2.1: Generic Energy-Aware Profiler for video application 
INPUT: content _vid // video content in the server 
OUTPUT:content_video streaming 
BEGIN 
1: Initialization  
2:  Retrieve video service 
3: FOR 
4: Retrieve_service= True;      // connection establish for video stream 
5:                   Access = content _vid 
6: Stream_update 
7:             IF (Retrieve_service = null AND (Access = empty))THEN 
8: Terminate Streaming;                                   // if content not available, video is not streamed 
9: Else  
10: Stream content _vid;                          // play video streaming 
11: END FOR(end_stream);                             // stop video streaming if finish 
12: RETURN  
END  
 
 
Algorithm 2.1 shows the generic energy-aware profiler for video application 
without any modification or alteration. Basically, generic algorithm gets input video 
from the server, then retrieve video services using Android Broadcast Services that 
enables video stream within the algorithm. After that, streaming will continue to play 
until finish without having QoS and energy consideration.  
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2.5 Classification of Profiler Techniques 
 
 
Energy-aware profiler is one of the important parts of energy management and it may 
be used to reduce energy being consumed by application and services on mobile 
devices. In general, an energy-aware profiler has a certain functionality to indicate and 
to collect data from the user, operating system, policy and application. It may also act 
as a set of Application Programming Interface (API) and adaptation policy that manage 
properties related to energy profiler and energy adaptation. To gain understanding 
about this classification, Figure 2.2 shows the categories of energy-aware profiler 
classification. 
 
 
 
Figure 2.2: Categories of Energy-Aware Profiler Classification 
 
As shown in Figure 2.2, categories of energy-aware profiler classification has 
been divided into 14 sub-elements. There are various techniques existing on energy 
profiler and it can be put into several categories. In general, they can be classified into 
five categories; instrument, policies, perspective, procedures and areas. From these 
distinctive categories, they discretely define to several approaches that rely on 
common energy profiler categories.  
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The first category is the Instrument approaches. It can be referred to actual experiment, 
testing and training on the device itself in order to get the specific of energy 
consumption result. There are two specific approaches in this category: Descriptive 
and External.  
In order to set an accurate reading or measurement of energy level, the 
instrument approaches is the key factor to determine good result. It can be referred to 
the experiment, testing and training on the device itself in order to get the specific 
result of energy consumption (Hahm et al., 2011; Hu and Ruutu, 2011).  The first 
approach within this category is Descriptive. This approach requires specific tool, not 
only from apparatus and devices but also includes advanced technology (e.g., digital 
multimeter) and software from computer to capture the energy consumption data 
(Bunse et al., 2009; Thiagarajan et al., 2012; Chung et al., 2011).  
These specific approaches are using certain devices or apparatus for testing and 
to measure the energy consumption purpose (Balasubramanian et al., 2009; 
Thiagarajan et al., 2012; Qian et al., 2011; Xiao et al., 2013). The Instrument 
classification related to the energy profiler technique can be summarized by the 
following table 2.1. 
 
Table 2.1: Instrument Categories 
 
Researchers Method/Technique Descriptions 
Balasubramanian 
et al., (2009) 
Developing TailEnder A protocol to reduces energy 
consumption of common mobile 
applications in wireless technology 
(3G, GSM and Wi-Fi) 
Bunse et al., 
(2009) 
Using micro controller to measure 
energy consumption.  
Implementing the sorting technique 
to find the different energy usage at 
different method.  
Hu and Ruutu, 
(2011) 
Measure energy using Nokia Energy 
Profiler (NEP 1.23).   
Power consumption of some typical 
use cases between a mobile device 
and dedicated devices (each with a 
dedicated function).  
Hahm et al., 
(2011) 
Using the integrated coulomb 
counter sensor of the evaluation 
platform, the MSB-A2. 
Introducing an approach of detailed 
information reports about the energy 
consumption based on a fine-granular 
measurement.  
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Table 2.1: (continued) 
 
Chung et al., 
(2011) 
Develop application in Java 
Framework.  
 
Develop a profiling tool for Android 
that allows energy profiling down to 
the function level called ANEPROF.  
Qian et al., 
(2011) 
Software based approaches for 
profiling energy usage. 
Profiling resource usage for mobile 
applications integrated with tool. 
ARO (mobile Application Resource 
Optimizer). 
Thiagarajan et 
al., (2012) 
Instrument method using Agilent 
34410A multimeter to measure 
energy usage. 
Measure energy consumption on 
generic website 
 
Xiao et al., 
(2013) 
Power model approaches based on 
instrument method 
Measure the energy model at any 
scenario available in mobile device.  
 
 
From Table 2.1, Instrument category of energy-aware profiler usually needs a 
context of work, mechanism of tool and energy comparison which allow executing 
defined scenarios for mobile devices and profiling the related power consumption 
through external measurement hardware. In this category also, analyzed data from 
hardware implementation need to be done, as well by analyzing the implementation of 
mobile application. Moreover, it provides code-level estimate of energy that it will 
consume at runtime (Qian et al., 2011). Furthermore, all the instrument categories 
combines a set of software profiler and energy measurement hardware that important 
to analyze the process-level and function. 
The second category is the Policy approaches. This category is referring to the 
reliable and useable set of outline structure of energy-aware profiler approaches. There 
are four approaches in this category: Operating System (Ardito et al., 2013; Corral et 
al., 2013). On this level mobile operating system function managing the resources for 
energy saving purposed.  Application Programming Interface (API) (Hao et al., 2013; 
Sabharwal et al., 2013). Energy-aware function for API is to manage the activity of 
energy usage pattern by every application running. Framework (Chen et al., 2012; 
Kundu & Paul 2010). Framework design depends on how energy being consumed on 
devices and framework planning regarding energy, services and hardware interacted. 
Architecture (Carroll et al., 2010; Chung et al., 2011). It corresponds to the planning 
and the designing of energy-aware profiler model. Every particular approach within 
this category provides a specific orientation related to energy-aware profiler (Do et al., 
2014; Bareth et al., 2012; Hao et al., 2013; Cho et al., 2014). Table 2.2 shows the 
policies category from existing researchers grouped by approaches. 
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Table 2.2: Policy Categories 
 
Researchers Method/Technique Descriptions 
Ardito et al., 
(2013) 
Configure operating system in 
device and using experimentation 
Measures consumption for a set of 
usage scenarios based on certain OS, 
while the second one analyzes a 
context-aware application with a 
known source code. 
Corral et al., 
(2013) 
Operating system on Android 
smartphone  
energy consumption of smartphones 
with the operational status of the 
device, surveying parameters exposed 
by the operating system using an 
Android application 
Hao et al., 
(2013) 
Provides code-level estimates of 
energy consumption on application 
on mobile 
The approach achieves this using 
estimation techniques based on 
program analysis of the mobile 
application 
Sabharwal et al., 
(2013) 
fine-grained power profiling 
application  
Create the application based of the 
State of Charge offloading 
mechanism of functionality in mobile 
devices 
Chen et al., 
(2012) 
Create Anole framework for energy 
consumption benchmark 
Experimentation on device for energy 
consumption by altering code follow 
by Anole framework 
Kundu & Paul 
(2010) 
Using JVM and compare with 
Android VM energy consumption 
Framework approach on JVM and 
creating Android VM interface 
 
Carroll et al., 
(2010) 
Using PowerTutor to measure 
energy based on certain architecture 
Develop a power model for device 
and analyses the energy usage and 
battery lifetime under a number of 
usage patterns 
Chung et al., 
(2011) 
ANEPROF, Android Energy Profiler 
– a profiling tool for Android  
Allows energy profiling down to the 
architecture function level. 
 
 
Table 2.2 represents the policy categories in method and technique. The 
generic energy-aware profiler in a mobile device basically is not well-designed to 
provide an energy profiler in the best way; therefore users cannot easily predict and 
switch the lifetime of battery policies. 
The third category is Perspective. In this category there are two approaches: 
Characteristic (Bernal et al., 2010; Jelschen et al., 2012) and Comparison (Xiao et al., 
2013; Hu and Ruutu, 2011) of energy-aware profiler. These approaches are used to 
evaluate and to distinguish a specific energy consumption based on results and finding 
(Bunse et al., 2009; Jelschen et al., 2012). By evaluating the comparison between two 
specific elements in energy-aware profiler, debugging process is available for 
estimating energy efficient tool (Carroll et al., 2010; Sabharwal et al., 2013). The 
evaluating process of characterization and comparison are important to measure how 
much the accuracy of input and output energy consumption on mobile devices. Table 
2.3 shows the perspective category from existing researchers grouped by approaches. 
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Table 2.3: Perspective Categories 
 
Researchers Method/Technique Descriptions 
Bernal et al., 
(2010) 
Designed a testing battery 
consumption. 
Characterize the energy consumption 
base on scenarios available   
Jelschen et al., 
(2012) 
Dynamic analysis and refactoring. Optimization the energy profile of 
mobile applications and devices base 
on dynamic analysis and refactoring. 
Hao et al., 
(2013) 
provides code-level estimates of 
energy consumption on application 
on mobile 
Program analysis that compare the 
energy consumption on two device or 
application 
Hu and Ruutu, 
(2011) 
Comparison between two devices Measure energy using Nokia Energy 
Profiler (NEP 1.23) and compare the 
energy result between two or more 
device. 
 
 
Table 2.3 shows the Perspective Categories in profiler classification. This also 
shows how these characteristics and comparison can be translated into viewpoint about 
energy consumption and energy profiler regarding battery life under a number of usage 
patterns in mobile devices. 
The fourth category is the Procedure approaches. This approaches defines the 
series of step and standard strategy that can be proceeded to reduce energy 
consumption of energy-aware profiler. The approaches in this category are Routine 
(Thiagarajan et al., 2012; Kwon et al., 2013), Application (Pathak et al., 2012; 
Schubert et al., 2012). Process (Hahm et al., 2011; Cuervo et al., 2010), Tool 
(Kjærgaard & Blunck, 2011; Bareth et al., 2012) and Algorithm (Qian et al., 2011; 
Murmuria et al., 2012). Manageable energy consumption data on mobile devices can 
increase the efficiency of battery life (Tsao et al., 2012; Ge et al., 2010; Kjergaard & 
Blunck, 2011).  
Table 2.4 shows the procedure category from existing researchers grouped by 
approaches. 
 
Table 2.4: Procedure Categories 
Researchers Method/Technique Descriptions 
Thiagarajan et 
al., (2012) 
Instrument method following 
electrical energy measurement step 
Measure energy consumption using 
joule scale. 
 
Kwon et al., 
2013 
Specific energy measurement step 
feedback-loop mechanism 
Runtime system that dynamically 
determines both the state-to-offload 
and its transfer mechanism based on 
the execution environment in place. 
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Table 2.4: (continued) 
 
Pathak et al., 
(2012) 
Using eprof third-parties application  Measure the energy usage in every 
element in the mobile device. 
Schubert et al., 
(2012) 
Using eprof third-parties application. 
 
A profiler that relates energy 
consumption to code locations; it 
attributes both the synchronously 
consumed energy in the CPU and the 
asynchronously consumed energy in 
peripheral devices. 
Hahm et al., 
(2011) 
Using layer management technique 
approach. 
Layering the energy measurement 
based on instrument method 
 
Cuervo et al., 
(2010) 
Using MAUI : making smartphones 
last longer with code offload 
procedure 
MAUI decides at runtime 
which methods should be remotely 
executed, driven by an optimization 
engine that achieves the best energy 
savings possible under 
the mobile device’s current 
connectivity constrains 
Kjærgaard & 
Blunck, (2011) 
Power profiling on mobile device 
procedure 
Unsupervised API-level method for 
power profiling mobile phones based 
on genetic algorithms. 
Bareth et al., 
(2012) 
Location Trekking Alogorithm Create new algorithm that improve 
the location of mobile device that 
help improve energy efficiency  
Qian et al., 
(2011) 
Software based approaches for 
profiling energy usage combines 
with specific algorithm 
Enhancing the algorithm for profiling 
method that can save more energy. 
Murmuria et al., 
(2012) 
General methodology for collecting 
measurements and modelling power 
usage on smartphones 
Implemented a system that 
effectively accounts for the power 
usage of all of the primary 
hardware subsystems on the phone 
 
 
Table 2.4 depicts the Procedure categories in the profiling classification. 
Overall, the Routine approaches is the technique of profiler ability to arrange possible 
outcome for energy consumed by mobile devices. The energy measurement system is 
significant for assisted user to perform an automated technique to reduce energy 
consumption in mobile devices. 
The last category of a common energy-aware profiler is the Area. Area is 
referring to the locality and proportion of a network running on energy-aware profiler. 
Within this category, there are two approaches: Client/Server (Wen et al., 2012; Ding 
& Muntean, 2013) and Network (Balasubramanian et al., 2009; Hu & Ruutu, 2011). 
In order to designing and structuring energy-aware profiler for mobile devices (Hu & 
Ruutu, 2011; Wen et al., 2012; Ding et al., 2013). All these classification is related to 
the energy profiler technique and it can be summarized by the following table 2.5. 
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Table 2.5: Area Categories 
 
Researchers Method/Technique Descriptions 
Wen et al., 
(2012) 
Optimization on Client CPU clock  Schedule a clock cycle on mobile 
CPU to determine energy usage. 
Ding & 
Muntean, (2013) 
Energy-efficient Adaptive Solution 
(DEAS) for video delivery 
Constructs an energy-oriented system 
profile including power signatures of 
various device components for each 
running application 
Balasubramanian 
et al., (2009) 
Developing TailEnder and testing on 
mobile network energy usage 
A protocol to reduces energy 
consumption of common mobile 
applications in wireless technology 
(3G, GSM and Wifi) 
Hu & Ruutu, 
(2011) 
Measure energy using Nokia Energy 
Profiler (NEP 1.23). Energy 
consumption on network layer  
Power consumption of some typical 
use cases between a mobile device 
and dedicated devices connection.  
 
 
Table 2.5 shows the Area categories on energy profiler classification. Energy-
aware profiler go through every these mobile network platform to get good result on 
energy usage.  
All of the studies mentioned above are considered as energy profiling and 
energy-aware related research. The current solutions on energy-aware profiler usually 
focus on the delivery application without considering applications that run the 
environment and device features that pose different energy constraints on the whole 
content and delivery process. Some of these existing profilers interact with two or three 
categories in order to achieve good result of energy-aware profiler and measurement 
tool. Furthermore, some researchers intend to combine many categories in profiler 
classification in order to improve the prediction on energy usage. These profiler 
classification ought to help researchers that interested to continue with energy-aware 
profiler works. In addition, combining more technique in this energy-aware profiler 
classification can lead to energy efficient within a mobile device. Although, with many 
parameters were taken into account, still, the energy models are slightly lacking of 
efficiency. 
 
 
2.6 Energy Profiling Measurement 
 
 
The basics of energy-aware profiler is to measure energy usage in smartphone devices. 
Finding the accurate measurements with very low errors, although reliant on the 
application and environment, that requires procedures and algorithms and instruments. 
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The modern smartphone operating system have a complicated and involved built-in 
power management policies (Chen et al., 2012: Ding et al., 2013). These policies can 
make it difficult for researchers to accurately justify the power consumption due to the 
interference of the power state of the device components. The setup of the power 
profiling sometimes is difficult due to expertise and lack of hardware measurement 
tools. Power measurements can be captured or collected either software method or 
instrument approaches (Tarkoma et al., 2014).  
By using software approaches it is unnecessary to include apparatus on 
experiment while instrument approaches use certain measuring devices to capture 
power consumption in the smartphone devices. Furthermore, this measurement 
method is mainly achieved through experimentation process. Software method using 
an internal battery interface (e.g. based on a battery sensor) and based on battery sensor 
some researcher develop an application for energy profiler (e.g. Eprof, PowerScope, 
PowerTutor).  
Instrument approaches use a special measurement tool to capture energy in the 
smartphone devices. A multimeter is the measurement tool for capturing energy usage 
in the smartphone devices. Previous work by Thiagarajan et al., (2012) used a 
multimeter to analyze energy consumption in a certain application running on the 
smartphone devices. Commonly, to begin measuring and getting a good result on 
energy-aware profiler, the first thing is necessary to grasp the instrument and that can 
be referred to the experiment, testing and training on the device itself in order to get 
the specific energy consumption result (Ardito, et al., 2013). In some cases, both of 
these methods can be used to determine energy usage in smartphone devices. Research 
by Chung et al., (2011) combining the both approaches for metering the energy 
consumption.  
In addition, measuring the energy consumption on smartphone  devices will 
facing the challenge from across different applications, and its energy estimation is 
uncorrelated with execution time, suggesting experimenting method profilers may 
help in optimizing applications for energy use (Hao et al., 2013). Many researchers 
focus on many methods of frameworks design and the energy consumption based on 
particular function, including software and instruments approaches (Chen, et al., 2012; 
Ardito, et al., 2013; Bernal et al., 2010; Thiagarajan, et al., 2012). It is essential for the 
smartphone device to become an energy efficient tool in order for the user to continue 
using their device. 
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2.6.1 Batteries in Smartphone Devices 
 
 
There are numerous types of batteries that empowered today’s smartphone devices. 
Nickel or lithium based batteries are very common; smartphones, mostly use lithium 
based batteries (Chung et al., 2011). Figure 2.3 shows the discharge type of 
smartphone generic battery. 
 
 
 
Figure 2.3: Discharge Type of Smartphone Battery 
 
There are the main types of battery used in smartphones and other handheld 
mobile devices. Figure 2.3 shows the discharge type of battery including Li-on battery. 
The X axis shows that the cell characteristics was normalized as a percentage of cell 
capacity so that the shape of the graph can be shown independent of the actual cell 
capacity. If the X axis was based on discharge time, the length of each discharge curve 
would be proportional to the nominal capacity of the cell. The experiment to measure 
energy consumption of application usage will be carried out and explained in chapter 
4. The discharging characteristics of battery power consumption are important for 
designing devices and applications that the batteries power. To better illustrate this 
battery property we introduce a basic battery model and it similar to Figure 2.4. A 
battery can simply be modeled as a source of voltage and an internal resistor. In this 
model, open circuit voltage (Voc) and internal resistance (Ri) of the battery provide 
the energy usage. Cl and Rl respectively represent load capacitance and load 
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resistance. Ri (internal battery resistance) and its variability play an important role in 
discharging behavior of a battery (Tarkoma et al., 2014). 
The battery capacity is a measure of the amount of charge the battery holds and 
is usually calculated in milliamps per hour (mAh). Also, environment temperature 
affects not only the battery capacity, but the voltage delivered to the phone as well. In 
addition, the battery capacity decreases with every discharge-recharge cycle. 
 
 
 
Figure 2.4: Basic Electric Circuit of Power Consumption Profiler Model 
 
 
Many researches have been engaged in the development of battery 
performance, but, due to the technical, hardware and financial issue, it is still 
counterproductive to rely on the battery improvement to narrow the gap between high 
energy consumption of multimedia processing and the limited battery capacity (Hoque 
et al., 2013). Thus, in this research the battery characteristics is not being studied since 
this research cover only on hybrid energy-aware profiler, measurement technique, QoE 
survey and possible solution. But the brief definition of this energy source is needed 
for the background knowledge purpose. 
 
 
2.6.2 Energy Model 
 
 
Basically, energy model is the corresponding power model for energy consumption in 
the smartphone devices. Hence, it is a calculated representation in mathematic of the 
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amount of energy consumed by the execution of a specific task or a piece of code 
(Tarkoma et al., 2014). In smartphone device systems, the battery discharge is 
informed by the kernel in the smartphone operating system as a certain value. Thus, a 
basic energy model which breaks the power consumption into subsystems can be 
created as follows: 
 
 power used = cpu + display + graphics + gps + audio + mic + ... + wifi. (2.1) 
 
 Equation 2.1 shows the basic energy model (Murmuria et al., 2012) that has 
been used to determine energy usage. Energy usage in every smartphone device has a 
certain energy model on its own. The researcher must determine the suitable energy 
model for the smartphone devices. Previous work by Zhang et al., (2010) determined 
energy model for HTC Dream smartphone devices. Energy estimation can be used 
based on power model for a sum of the power consumption of each hardware 
component (Kamiyama et al., 2014). Energy equation from Zhang et al., (2010) 
summed up hardware component as follows: 
 
 
𝑃𝑒𝑠𝑡  = 𝐶𝑜𝑓𝑓𝑠𝑒𝑡 + ∑(𝐶𝑖 𝑃𝑖)
N
i
 
 
(2.2) 
 
where 𝑃𝑒𝑠𝑡the total power consumption of the device. N is the number of hardware 
components. Pi is a parameter that covers the power consumption of hardware 
component i. Coffset and Ci are coefficients to be determined through multiple 
regression analysis. Coffset could be considered as base power consumption of device 
that is independent of uses. From equation 2.2, the parameter should be easy-obtained 
in order to allow power characterization in energy profiler (Kamiyama et al., 2014). 
 
 
2.6.3 Content Adaptation  
 
 
Although video communication nowadays is highly desirable, a primary curb in video 
content adaptation is the basic design architecture that most mobile devices are 
typically powered by batteries with limited capacity. Content adaptation is the 
procedure of choosing, producing, or modifying content to outfit the user's 
24 
 
preferences, consumption style, computing and communications environment, and 
usage context (Fudzee & Abawajy, 2008).  
This can be applied within multimedia media types, such as reducing image 
size or resolution, and across media types, like converting video from one codec to 
another. There are several content adaptation approaches. It is divided into two types; 
static and dynamic (Fudzee & Abawajy, 2011). A comprehensive classification is done 
to group the approaches applied in the implementation of the existing content 
adaptation system.  
Generally, content adaptation is the action of altering content to familiarize to 
device or mobile capabilities (Ismail et al., 2013). Content adaptation is typically 
related to mobile devices that need distinct handling because of their inadequate 
processing power, in term of screen sizing and constrained touch screen key 
functionality. Generally, content adaptation can be adapted from user’s preferences 
and from devices. Figure 2.5 shows the energy-aware content adaptation concept and 
relation to the devices and users profiles.  
Previous work by Ismail et al., (2013) describe the scenario of content 
adaptation and the relationship of QoE and energy usage. Figure 2.5 depicted three 
phases of content adaptation: collects, processes, and composes. The output from all 
three phases are the design for content adaptation output. The main purpose is to 
process data from user and the metadata from devices. Both of these characteristics 
will provide the content adaptation output as a list of possible solutions.   
 
 
 
Figure 2.5: Energy-aware content adaptation concept (Ismail et al., 2013). 
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Mitra, K. Zaslavsky, A. ; Åhlund, C. (2015). Context-Aware QoE Modelling, 
Measurement, and Prediction in Mobile Computing Systems. Mobile 
Computing, IEEE Transactions 14 (5). pp. 920 – 936. 
Murmuria. R., Medsger. J., Stavrou. A., Voas. J. M. (2012). Mobile Application and 
Device Power Usage Measurements. IEEE Sixth International Conference 
Software Security and Reliability (SERE). Washington. pp. 147-156. 
Pathak. A., Hu. Y. C., Zhang. M. (2012): Where is the energy spent inside my app? 
Fine Grained Energy Accounting on Smartphones with Eprof. Proceedings of 
7th ACM European conference on Computer Systems EuroSys '12. pp. 29-42. 
Peltonen. E., Lagerspetz. E., Nurmi. P., Tarkoma. (2015). Energy Modeling of System 
Settings: A Crowdsourced Approach. Proceedings of the IEEE International 
Conference on Pervasive Computing and Communications. pp. 37 – 45. 
Qian. F., Wang. Z., Gerber. A. (2011) Profiling Resource Usage for Mobile 
Applications: A Cross-layer Approach. MobiSys '11 Proceedings of the 9th 
international conference on Mobile systems, applications, and services. pp. 
321-334. 
Sabharwal. M., Metri. G., Huang. C., Agrawal. A. (2013). Towards Fine Grain Power 
Profiling Tools for SoC based Mobile Devices. 4th Annual International 
Conference Energy Aware Computing Systems and Applications (ICEAC). pp 
87-92. 
Seufert, M.Egger, S. Slanina, M. Zinner, T. Hobfeld, T. Tran-Gia, P. (2015). A Survey 
on Quality of Experience of HTTP Adaptive Streaming. Communications 
Surveys & Tutorials, IEEE  17 (1). pp. 469 – 492. 
Schubert. S., Kostić. D., Zwaenepoel. W., Shin. G. K. (2012). Profiling Software for 
Energy Consumption. Cyber, Physical and Social Computing (GreenCom) 
IEEE International Conference on Green Computing and Communications. pp. 
515 – 522. 
Schatz. R., Egger. S., Platzer. A. (2011). Poor, Good Enough or Even Better? Bridging 
the Gap between Acceptability and QoE of Mobile Broadband Data Services. 
Communications (ICC), 2011 IEEE International Conference. pp 1-6. 
ITU-T – “Subjective video quality assessment methods for multimedia applications,” 
ITU-T Recommendation P.910, April 2008. 
91 
 
Taboada. I., Fajardo. J. O., Liberal. F. (2011). QoE and Energy-Awareness for Multi-
Layer Video Broadcasting. Multimedia and Expo (ICME), 2011 IEEE 
International Conference. pp 1-6. 
Tarkoma. S., Sikkinen. M., Lagerspetz. E., Xiao. Y., (2014). Smartphone Energy 
Consumption: Modeling and Optimization. University Printing House 
Cambridge.  
Thiagarajan. N., Aggarwal. G., Nicoara. A. (2012). Who Killed My Battery: Analyzing 
Mobile Browser Energy Consumption. Proceedings of the 21st International 
Conference on World Wide Web. pp 41-50. 
Tsao. S. L., Kao. C. C, Suat. L, Kuo. Y, Chang. Y. H., Yu. C. K (2012). PowerMemo: 
A Power Profiling Tool for Mobile Devices in an Emulated Wireless 
Environment. System on Chip (SoC). 2012 International Symposium. pp 1- 5. 
Vergados. D. J., Sgora. A., Michalas. A., Vergados, D. D., Laulajainen. J.-P. (2013). 
A QoE-Driven Adaptation Scheme for Video Content Delivery in LTE 
Networks. Proceedings of the Tenth International Symposium Wireless 
Communication Systems (ISWCS 2013). pp 1-5. 
Wen.Y., Zhang. W., Luo. H. (2012). Energy-Optimal Mobile Application Execution: 
Taming Resource-Poor Mobile Devices with Cloud Clones. INFOCOM, 2012 
Proceedings IEEE. pp. 2716 – 2720. 
Xiao. Y., Cui. Y., Savolainen. P., Siekkinen. M., Wang. A., Yang. L., Jaaski. A. Y. 
Tarkoma. S. (2013). Modeling Energy Consumption of Data Transmission 
over Wi-Fi. Mobile Computing IEEE Transactions, 13 (8). pp. 1-14. 
Zhang. L., Tiwana. B., Qian. Z., Wang. Z., Dick. R. P., Mao. Z. M., Yang. L. (2010). 
Accurate Online Power Estimation and Automatic Battery Behavior Based 
Power Model Generation for Smartphones. IEEE/ACM/IFIP International 
Conference. pp. 105 – 114. 
Zhu. Y., Halpern. M., Reddi. V. J. (2015). The Role of the CPU in Energy-Efficient 
Mobile Web Browsing. Micro, IEEE  35 (1). pp. 26 – 33. 
 
 
 
 
 
 
 
